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@ METHOD OF AUTOMATICALLY PREPARING NUMERICAL CONTROL DATA. 
@ A method of automatically preparing numerical control 
data comprises: providing a multiplicity of parameters (P2000 
to P2034) which are used for spedfying a machining pattern, 
and a multiplicity of function codes for preparing numerical 
control data, the function codes being specified by the para- 
meters; prestoring In a memory (105) a corresponding rela- 
tionship between each function code and a numerical control 
data output mode; prestoring in another memory (104) a 
corresponding relationship between each parameter and one 
or more function codes specified by that parameter; succes- 
sively inputting the parameters to a processor (102) from a 
machining pattern data output device (103) in accordance 
with NC machining; and preparing numerical control data by 
employing the function codes specified by the parameters. 
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DESCRIPTION 

METHOD OF CREATING NUMERICAL CONTROL DATA AUTOMATICALLY 
Technical Field 

This invention relates to a method of creating 
numerical control data automatically and, more 
particularly, to a numerical control data automatic 
creation method wherein an NC tape format can be 
changed with ease. 
Background Art 

A numerical control apparatus (NC apparatus) 
controls a machine tool on the basis of commanded 
numerical control data (NC data) in order to machine a 
workpiece in conformance with a command. The NC data 
(also referred to as an NC tape) is created by 
programming performed by a programmer, or by a unit for 
creating NC data automatically. With an NC data 
automatic creation unit, even NC ^ata for a complicated 
metal mold can be created. The NC data automatic 
creation unit is designed so that NC data can be 
created simply and in a short period of time. 

In the conventional method of creating NC data, 
the N(: tape format cannot be readily changed. In other 
words, the conventional NC data creation method can 
create an NC tape in accordance with one format but not 
in accordance with another. Therefore, when an NC tape 
format is desired to be changed in order to add a 
special function to a machine tool or to have a machine 
tool execute control tailored to a particular user, the 
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user must purchase a separate NC data creation unit for 
the new NC format. Consequently, the user is compelled 
to prepare an NC data creation unit whenever the format 
changes, and the maker of the NC data creation unit 
must supply NC data creation units having different 
formats . 

Accordingly, the object of the present invention 
is to provide an NC data automatic creation method 
wherein NC tapes can be crieated for different formats. 

Another object of the present invention is to 
provide an NC data automatic creation method wherein an 
output NC tape format can be changed with ease. 

A further object of the present invention is to 
provide an NC data automatic creation method through 
which NC tapes having different formats can be created 
by a single NC data automatic creation unit, so that NC 
data creating units need not be prepared for different 
formats. 

Disclosure of the Invention 

The present invention provides an NC data 
automatic creation method in which an NC tape format 
can be changed with facility. Thet method includes 
providing a number of parameters used for specifying a 
machining pattern and a number of function codes 
designated by the parameters for creating numerical 
control data, storing beforehand correspondence between 
each of the function codes and a numerical control data 
output format, storing beforehand correspondence 
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between each parameter and one. or more function codes 
designated by the parameter, generating the parameters 
sequentially in accordance with NC machining, and 
creating numerical control data using function codes 
^ designated by the parameters. According to the present 
invention, an NC data format can be changed with ease 
by changing a function code designated by a parameter. 
Brief Des cription of the Drawint^ s 

Fig. 1 is a block diagram illustrating an 
embodiment of the present invention. Pig. 2 is a flow 
chart of processing according to the present invention. 
Fig. 3 is a view for explaining the relation between 
various parameter numbers and their meanings according 
to the present invention. Fig. 4 is a view of a turning 
machining pattern. Fig. 5 is a view for explaining the ■ • 
correlation between parameter numbers and various' 
function codes, and Fig. 6 is a view for explaining the 
correlation between function codes and NC data output 
formats. 

20 Best Mode for Carr ying Out the Invention 

Fig. 1 is a block diagram illustrating an 
embodiment of the present invention. Numeral 101 
denotes a ROM which stores a control program for NC 
data creation, 102 a processor for executing 

25 predetermined processing under the control of the 
control program, and 103 a machining pattern 
information output unit for specifying a general 
machining pattern. As will be described later, a 
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machining pattern is expressed by parameter niimbers 
P2000 through P2034, positional data, tool numbers, 
spindle r.p.m., etc. For a lathe, the parameter 
numbers have the meanings shown in Fig. 3. By 
combining these parameter numbers, the general nature 
of a machining pattern can be expressed. By way of 
example, the following would express a machining 
pattern, shown in Fig. 4, for moving a tool from a 
machine reference point Pr to a tool change point Pt, 
changing the tool at the tool change point, rotating a 
spindle at a predetermined speed, thereafter causing 
the tool to approach a point Pa and subsequently 
perform rough cutting along a cutting path comprising 
straight lines and circular arcs, retracting the tool 
to the tool change point Pt upon completion of rough 
cutting, and finally moving the tool to the machine 
reference point: 



1 



P2000 
P2016 
P2017 
P2004 ^ 
P2016 
P2024 
P2018 
P2017 
P2020 
P2019 
P2011 



(a) 
(b) 

(c) 

(d) 
(e) 
(f ) 

(g) 

(h) 
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P2017 (i) 

where (a) through (i) above correspond to (a) through 
(i) in Fig, 3. Specifically, parameter number P2000 of 
(a) indicates that an NC data leader portion is to be 
created, parameter number P2016 of (a) that a 
coordinate system is to be set, parameter number P20i7 
of (b) that the tool is to be moved from the machine 
reference point Pr to the tool change point Pt, " 
parameter number P2004 of (c) that NC data for outer 
diameter rough cutting are to be created, parameter = 
number P2016 of (c) that NC data (T- function 
instruction) for a tool change are to be created, 
parameter number P2024 of (c) that NC data (S-f iinction 
instruction ) for selecting spindle speed are to be 
created, parameter number P2018 of (d) that NC data for 
moving the tool to the approach point Pa and for 
turning on a coolant are to be created, parametef P2017 
of (e) that NC data for linear cutting are to be 
created, parameter P2019 of (g) that NC data f or ' 
retracting the tool to the tool change point Pt and for 
turning the off the coolant are to be created, 
parameter number P2011 of (h) that NC data for *~ 
processing following outer diameter rough machining are 
to be created, and parameter number P2017 of (i) that 
NC data for moving the tool to the machine reference - . 
point Pr are to be created. 

Returning to Fig, 1, numeral 104 denotes a' 
battery-backed RAM for storing the correspondence 
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between each of the parameter niombers P2000 through 
P2034 and one or more function codes indicated by the 
parameter numbers. Fig. 5 illustrates the relation 
between parameter numbers for a lathe and a plurality 
of function codes Fl through F9 indicated by the 
parameter numbers. A function code is expressed by a 
four-digit hexadecimal number and specifies the format 
of the output NC_data. The rightmost digit 0 - A of a 
function code indicates the general category, while the 
three leftmost digits indicate the particular category. 
Further, a rightmost digit of 0 signifies an output of 
NC data for a special code, of 1 an output of NC data 
for movement, of 2 an output of a G-code, of 3 an 
output of an F-code for feed speed, an output of an 
S-code for spindle speed selection and an output of a 
T-code for a tool change, of 4 an output of a special 
code, of 5 an output of an M-code, of 6 an output of a 
special M-code, of 7 an output of a code of value O, of 

8 an output of any M-code other than the M-codes output 
in accordance with the rightmost digits of 5 and 6, of 

9 an output of any S-code, and of A an output of any 
T-code . . . 

Numeral 105 designates a battery-backed RAM for 
storing the correspondence between each of the function 
codes and an NC data output format. Such correspond- 
ence is illustrated in Fig. 6. Though Fig. 6 shows 
only the correspondence between function codes needed 
to create NC data for the turning machining pattern of 
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Pig. 4 and the NC data output formats, many other 
function codes are stored without being limited to 
those shown. Numeral 10 5 denotes an NC data memory for 
storing the NC data created, 107 a working memory, and 
^. 108 an operator's panel. 

Reference will now be had to the flowchart of Fig. 
2 to describe a case where NC data for the turning 
machining shown in Fig. 4 is created. 

(1) First, the correspondence (see Fig. 5) 
between the parameter numbers P2000 through P2034 and 
the one or more function codes Fl through F9 indicated 
by these parameter numbers, is stored beforehan.d in the 
RAM 104, and the correspondence (see Fig. 6) between 
each of the function codes and NC data output formats 
is stored beforehand in the RAM 105. 

(2) When the operator's panel 108 gives an 
indication calling for the start of NC data creation, 
the processor 102 reads a machining pattern, which is - 
formed of the parameter numbers, out of the machining 

20 P^^^^^n information output unit 103 in block-by-block 
fashion. Machining pattern data shown below enter the 
processor 102 block by block from the output unit 103: 
P2000, program number; 

P2016, txr], [Zr], [Sr] ; ] 

25 P2017, [Xt], [2t], rapid traverse, absolute; .... (b) 
P2004 ; 

P2016, [Ta] ; I 
P2024, [Sa] ; 
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P2018, [Xa], [Za], rapid traverse (d) 

P2017, linear cutting position data, [Fa] ; 



]- 

P2020 arc cutting position datar IFa] ; x 

3 



(e) 



(f ) 



P2019, [Xt], [Ztl, rapid traverse ; (g) 

P2011 ; 

P2017, [Xr, Zrlr rapid traverse ; (i) 

These enter the processor sequentially. The following 
are input to the processor together with the parameter 
numbersi the program number, coordinate values [Xr], 
[Zr], [Xa], [Za], [Xt], [Zt] of the important points, 
tool code number [Ta], S-code numbers [Sr], [Sa], 
information indicative of rapid traverse or cutting 
feed (cutting feed speed is indicated by [Fa ]) , cutting 
contour data, data indicative of an absolute command or 
incremental command, etc, 

(3) Each time one block of machining pattern data 
is read, the processor 102 goes to the RIM 104 and 
reads into the working memory 107 the function code 
group corresponding 'to the parameter number contained 
in the block of data. Thereafter, the processor 102 
goes to the RAM 105 and reads out the output format of 
each function code, creates NC data and writes the NC 
data into the NC data memory 106. 

Thus, when the first block of machining pattern 
information enters, the processor 102 goes to the RAM 
104 to read out the following function code group 
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indicated by the parameter number .P20 00: 

"0300, 0104, 0004, 0603, 0004, 0000, 0000, 
0000, 0000, 0000, 0000" 
The processor sets these in the working memory . Next, 
by referring to the NC data output fbrinat (feed output) 
indicated by the first function code "0300", the 
processor stores a feed code or space code of three 
units in the NC data memory (RAM) 106. 

Thereafter, the processor 102 refers to the output; 
format (output of % code) indicated by the second, 
function code "0104" and stores the % code in the RAM 
106. When the output of the % code is completed, ..the 
processor 102 refers to the output format (output of 
EOB [end of block] code) indicated by the third. 
^5 function code "0004" and stores the EOB code in the -RAM 
106. The processor then refers to the output . format 
(program number output ). indicated by the fourth 
function code "0603- and stores in the RAM 106 the • 
letter of the alphabet "O", which indicates that the 
20 numerical to follow it is a program number, as well as 
the program number, which is contained in the first 
block of machining pattern information. After the 
output of the program number, the processor 102 outputs 
the EOB code in response to the fifth function code 
22 "004". When the data corresponding to all of the 

function codes read out of the working memory 107 are 
subsequently delivered as outputs in the foregoing 
manner, NC data conforming to one blockof machining 
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pattern information will have been stored in the RAM 
106. It should be noted that NC data indicative of a 
three-unit feed code % EOB O 1001 EOB are created by 
the foregoing processing. 

When the creation of NC data based upon the first 
block of machining pattern information ends, the 
processor 102 reads the next block of machining pattern 
information out of the machining pattern information 
output unit 103, stores the information in the working 
memory 107 and executes processing just as described 
above. Specifically, the processor 102 goes to the RAM 
104 to read out the following function code group 
corresponding to the parameter number P2016 of the 
second block, and stores the code group in the working 
memory 107: 

-4402, 1101, 0001, 0303, 0004, 0002, 
0103, 0004" 

The processor then refers to the NC data output format 
(output of G50) indicated by the first function code 
"4402". 

Next, the processor 102 refers to the NC data 
output format (X-axis position data output) indicated 
by the second function code "1101" and stores in the 
RAM 106 the letter of the alphabet "X", which indicates 
that the numerical value to follow it is a position 
along the X axis, as well as the X-axis position [Xr], 
which is contained in the second block of machining 
pattern information. Thereafter, the processor 102 
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refers to the NC data output format (Z-axis position 
data output) conforming to the third function code 
"0001" and stores in the RAM 106 the letter of the 
alphabet "Z", which indicates that the numerical value 
to follow it is a position along the Z axis, as well as 
the Z-axis position [Zr], which is contained in the 
second block of machining pattern information. 

Next, the processor 102 generates an EOB code in 
response to the fourth function code "004" , "stores the 
code in the RAM 106, refers to the NC data, output " 
format (output of GOO) of the fifth function code 
"0002" and stores "GOO" in the RAM 106. Aftesr the 
"GOO" output, the processor refers to the output format 
(output of T-code) of the sixth function codes "0103". 
However, since the second block of machining pattern 
information does not contain a tool number, no output 
is produced and the processor produces an output of an 
EOB code in response to the seventh function code 
"0004", thereby ending processing for creating NC data 
iji accordance with the second block of machining 
pattern information. Through the foregoing processing, . 
the following NC data are created and stored in the RAM 
106: 

G50 X[Xr] 2[Zr] EOB GOO EOB 
When processing for creating the NC data in accordance 
with the second block of the machining .pattern ends, 
the third block of machining pattern information enters 
from the machining pattern information output unit 103. 
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The processor 102 goes to the RAM 104 to read out the 
following function code group corresponding to the 
parameter number P2017 : 

"0000, 0000, 5202, 5002, 1101, 0001 
0503, 0004" 

The processor sets these in the working memory 107, 
Then, when an output format corresponding to each and 
every function code is read and the output format is an 
X-axis position data output, NC data is created and 
delivered as an output with the X-axis coordinate value 
iXt] of the tool change point Pt, which is input 
together with the parameter P2017, being disposed after 
the letter of the alphabet "X". Likewise, when the 
output format is a Z-axis position data output, NC data 
is created and delivered as an output with the 2-axis. 
coordinate value [2t] of the tool change point Pr being 
disposed after the letter of the alphabet "Z". It 
should be noted that the function code "00 00" is a 
meaningless code which does not specify an operation, 
and that "5202" is a function code (Fig. 6) for 
outpufcting G90 or G91. Since "absolute" is commanded, 
"090" is output. Further, "5002" is a function code 
for outputting GOO or GOl. Since rapid traverse is 
commanded, "GOO" is delivered as the output. Also, 
"0503" is a function code for outputting feed speed, 
and "0004 "is a function code for outputting the EOB 
code. Naturally, "rapid traverse" and "absolute" in 
the machining pattern information are specified by 
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codes. 

Owing to the third block of machining pattern 
information, therefore, the following are created and 
stored in the RAM 106: 

G90 GOO X[Xt] Z[ Zt] EOB 

Thenceforth, and in similar fashion, the processor 
102 creates NC data based on the fourth, fifth" and 
successive blocks of machining pattern information and 
stores the data in the RAM 106. The end result is that 
the following NC data are created and stored in the NC 
data memory 106: 

Three-unit feed code % EOB O 1001 EOB P2000 

G50 X[Xr] Z[Zr] S[Sr3 EOB GOO EOB .... P2016 

G90 GOG X[Xt] ZEZtJ EOB P2017 

T[Ta] EOB " . ... P2016 

G97 srSa] M03 EOB .... P2024 

G90 GOO X[Xa] Z [ Za ] M08 EOB ... ^ . P2018 

G90 GOl X... Z. . . F[Fa] EOB 



] 

G90 G02 X... z... I... J... FrPa] EOB 



1 



. P2017 

• P2020 
. P2019 



G90 GOO X... Z... M09 EOB 

G40 EOB MOl EOB P2011 

G90 GOO X[Xr3 2[Zr] EOB .... P2017 

2^ When the machining pattern information output unit 103 
delivers the parameter P2001 indicating the end of the 
machining pattern information, processing conforming to 
this parameter is performed to complete the NC data 
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creation processing. 

Though a case has been described wherein the 
parameter numbers are generated by the machining 
pattern information output unit 103, the present 
invention is not limited to such an arrangement. 
Specifically, without entering parameter ntimbers from 
the machining pattern information output unit, one may 
enter only conditions necessary for deciding parameter 
numbers for starting and ending machining, approach 
retraction and the like, as well as the coordinate 
values of important points, spindle* r •p.m. and T-code 
numbers. The processor 102 can then be made to 
generate the parameter numbers using these conditions. 

There are situations where a user wishes to add a 
special function to a machine tool or have a machine 
tool execute control peculiar to the user's needs. 
Where this is the case, the tape format will differ 
from the standard NC tape format. According to the 
present invention, however, an NC tape can be created 
with ease in a desired NC tape format by setting 
beforehand function codes capable of accommodating all 
tape formats,, and changing the correlation between the 
parameter numbers and various function codes in 
accordance with the desired tape format. Further, an 
NC tape format can be changed by changing the numerical 
control data output format based on a function code. 
Industrial Applicability 

According to the present invention, an NC tape 
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having any tape format can be created with facility, 
and a user need not purchase an NC tape creation unit 
whenever a tape format is to be changed. This is 
advahtageous in terms of cost. Accordingly, the =• 
present invention is well-suited for application to an 
apparatus for creating NC data automatically. 
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CLAIMS; 

!• A method of creating numerical control data 
automatically, characterized by providing a number of 
parameters used for specifying a machining pattern and 
a number of function codes designated by said 
parameters for creating numerical control data, storing 
beforehand correspondence between each of the function, 
codes and a numerical control data output format, 
storing beforehand correspondence between each 
parameter and one or more function codes designated by 
said parameter, generating said parameters sequentially 
in accordance with NC machining, and creating numerical 
control data using function codes designated by said 
parameters. 

2. A method of creating numerical control data 
automatically according to claim 1, characterized in 
that an NC data format is changed by changing the 
correspondence between parameters and function codes. 

3. A method of creating numerical control data 
automatically according to claim 1, characterized by 
entering, together with said parameters , data necessary 
for creating numerical control data. 

4. A method of creating numerical control data 
automatically according to claim 3, characterized in 
that data entered together with said parameters 
includes at least target position data along each axis, 
cutting path data and cutting feed speed data. 

5. A method of creating numerical control data 
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automatically according to claim 4, characterized in. 
that at least the following are designated by said 
function codes: NC data output for path control, 
various G-code outputs, various M-code outputs, T-code 
5 output, S-code output and end-of~ block code output. 
6, A method of creating numerical control data 
autoitiatically according to claim 1, characterized in 
that an NC data format is changed by changing a 
numerical control data output format based on said 
10 function codes. 
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Fig . 2 

START ^ 

. 1 



ENTER CORRESPONDENCE BETWEEN 
FUNCTION CODES. AND OUTPUT 
FORMATS, AS WELL AS CORRESPONDENCE 
BETWEEN PARAMETER NUMBERS 
AND FUNCTION CODES . 



TART OF NC DATA 
CREATION REQUESTED? 




READ i-th BLOCK OF 
MACH I Nl NG PATTE RN 
I N FORMATION 



READ FUNCTION CODE 
CORRESPONDING TO 
PARAMETER NUMBER 



1 — J 



j * 1— j 



CREATE NC FUNCTION DATA 
CORRESPONDING TO J-th 
FUNCTION CODE 



NO 



YES 



E N D J 




CREATION OF j-th 
BLOCK OF NC DATA 
COMPLETED? 



IS PARAMETER 
NUMBER 2000? 
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Fig . 3(A) 



9^' 



PARAMETER 
NO. 


MEANING 


2000 . 


PARAMETER FOR CREATING 
LEADER PORTION OF NO DATA 


POO I 


PARAMETER FOR CREATING 
TRAILER PORTION OF NC DATA 


2002 


NO DATA CREATION 
PARAMETER AT BEGimiNG 
OF CENTER DRILLING PROCESS 


2003 


PARAMETER AT BEGINNING 
OF DRILLING PROCESS 


2004 


NC DATA CREATI ON 
PARAMETER AT BEGINNING OF 

ROUGH MACHINING PROCESS 


2005 


NC DATA CREATION 
PARAMETER AT BEGINNING 
OF INTERMEDIATE 
FINISHING PROCESS 


2006 


NC DATA CREATION 
PARAMETER AT BEGINNING 
OF FINISHING PROCESS 


2007 


NC DATA CREATION 
PARAMhIhR AT BEGINNING 

OF GROOVING PROCESS 


200B 


NC DATA CREATION 
PARAMETER AT BEGINNING OF 
THREAD CUTTING PROCESS 


2009 


NC DATA CREATION 
PARAMETER AT END OF 

CENTER DRILU N6 PROCESS 


2 0 10 


NC DATA CREATION 
PARAMETER AT END OF 
DRILLING PROCESS 


20 1 1 


NT DATA CRFATION 
PARAMETER AT END OF 
ROUGH MACHINING PROCESS 


20 1 2 


NC DATA CREATION 
PARAMETER AT END OF 
INTERMEDIATE FINISHING 
PROCESS 


20 13 


NC DATA CREATION 
PARAMETER AT END OF 
FINISHING PROCESS 


20 14 


NC DATA CREATION 
PARAMETER AT END OF 
GROOVING PROCESS 



B^RAMETER 
NO. 


MEANING 


2 O f 5 


NC DATA CREATION 
PARAMETER AT END OF 
THREAD CUTTI NG PROCESS 


20 1 6 


PARAMETER FOR SETTING 
COORDINATE SYSTEM OR 
FOR OUTPuTmNG TOOL 
SELECTION NC DATA 


20 1 7 


NC DATA CREATION 
PARAMETER FOR RAPID 
TRAVERSE OR CUTTING 
FEED 


20 I 8 


PARAMETER FOR APPROACH 
BASED ON TWO AXES 
SI MULTANEOUSLY 


20 I 9 


NC DATA CREATION 
PAf^AMETER FOR RETRACTION 
MOVEMENT BASED ON TWO 

AXto ol Mui_ 1 AIXjCUUCiLi 


2O20 


NC DATA CREATION 
PARAMETER FOR CIRCULAR 
INTERPOLATION 


202 1 


NC DATA CREATION 
PARAMETER FOR CIRCULAR 
1 NTERPOLATION 


2022 


NC DATA CREATION 
PARAMLItR FOR THREAD 
CUTTING 


2023 


NC DATA CREATION 
PARAMETER FOR COMMANDING 


2024 


NC DATA CREATION 
PARAMETER FOR COMMANDING 
SPINDLE RPM 


2025 


NC DATA CREATION 
PARAMETER FOR CHANGING 
OVER SRNDLE STAGE NUMBER 


2026 


NOT USED 
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